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1. The chemistry of connective tissue is of considerable interest to military medi-
¢ine. During World War II when natural gut was not available in sufficient
quantity to meet the demand, satisfactory sutures were produced from reconstituted
collagen. Tubular collagen was successfully used to connect severed nerve ends,
and pieces of collagen in various shapes were used in serious wound operations.

By varying the amount of tanning to which the collagen was subjected, the degree
and speed at which the material is absorbed by the body could be controlled.

2. In the period 1947-1950 a group of Soviet biochemists did some very interesting
basic work on the chemistry of collagenous tissue, : T

S. ¥, Brasler |
M. P. Chernikov
N. N. Dobbert

P. A. Finogenov
(s. Y.2) Frenkel
A, Konikova
V. N. Orekhovich
K. D. Orekhovich
N. Ya. Plotnikova

A. D. Speranskiy

A..A. Tustanovskiy

have published papers on the subject. In general these men performed expetriments
in which they extracted collagen from animal tissue by means of acidic buffers.
After getting the collagen in solution they reconstituted the collagen as synthe-
tic fiver. They were primarily interested in the chemistry of the substance, its
. distribution in ahimal tissue, and its connection to the precursor of animal cells.
Results of their work were published by the Academy of Medical Sciences in the
Journal "Biochimie” and elsewhere, insluding the followings - . C
S E VIR T IR :
Chernikoy, M. P, "Amino Acid Content of Ox Procollagen®, Doklady Akad.
Nauk, U,S.8.R., 67, 345-7, 1949.
“The Amino Acid Properties of Bovine Procollagen'. Reports
of the Academy of Sciences of the USSR, LXVII, 2, p. 345~9.
Crakhovich, K. D, "The Procollagen Content of Skin in Animals of Different
k Ages™, Akademiia Nauk USSR Doklady, 713521, 1950, :
"The Procollagen of Hide", Biokhimiya 13 (1), 55-60, ~—

, 1948,
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CLASSIFICATION CONFIDENTIAL/US OFFICIALS ONLY--SECURITY INFORMATIONV
STATE X Navy X[ nsre DISTRIBUTION
ARMY /'S g OREIYAIR X a1 misz gy [
‘ . £

Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5




s < T Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5
CONF IDENTIAL/US CFFICIALS ONLY /SECURITY INFORMATION

s 7 -2 - [ ] 25x1A

QOrekhovich, V. Ne, Konikova, A+ S., Orekhovich, K. D., and Dobbert, N. N.

: ®oneerning the Metabolic Turnover Rates of Various Crgan and
Tissus Proteins™. Akademiia Nauk Doklady, 71:105, 1950,

Bregler, S. Y., Finogenov, P. A., and Frenkel, S. Y., ™A discussion of the
structure of the Magromolecule of Procollagen®.  Regports of the
Acadeny of Sciences of the U,S,8.R., IXXII (72), 3, pp. 555-8, 1950,

Tusbanoyskiy, L. A. "Concerning the Proteins of Skin®. Bickhimiia, 12 (4)s
285-290, 1947, o

25X1A I"‘ . =

3., Two other Soviets, S. L. Pupko and A. L. Zaydes have also written on electron-

microseopic investigations of collagen published in proceedings of the Academy of
Sciencess: :

Zeydss, A. L. and Pugko, S. L. "Electron-Microscopic Investigation of the
Effasts of Alkalis and Pancreatin on Collagen®, Akademiia Nauk
USSR Doklady, Vol, 73: 991, 1950, :

"The Electron-Microscopic Examination of

Collagen®™, Reports of the Acad, of Sci, of USSR, IXV, 2,
Pp. 227-8, 1949. o _

g : ¥The Electron-Midroscopic Examination of
Collagen Using the Replica Téchnique™. Akademiia Nauk USSR
Doklady, Vol. 73s 379, 1950. :

25X1A 4 =]
The faet that they are members of the Central Research Institute of the Leather

Footwesar Industriss leaves little doubt as to the Soviet belief in the future of
reconstbituted collagen.

Lo US scientists reviewing this work found the Soviet conclusions particularly interest-
ing, For the past three years /49-52/ a group.of US scientists has béen working ..
on the ultrastrusture of connective tissue based on the work of the above named Soviet
scientists, The US group also hopes to gain information on the formation and nature -
of collagen and dstermine its molecular structure. To date attempts of US scientists
to make contant, through the Soviet Academy.of Science, with the Soviet collagen
specialists have been unsuscessful. The Soviets alsé have never mentioned US work
in the f£ieldy so it is hard to assay Soviet progress. )

5, In these days of the successful use of such agents as cortisohe, many people are
getting on the bandwagon to investigate connective tissue, and the field is becoming
increasingly more popular. Results of this research will find application in medicine
and may give insight into such phenomena as wound healing and aging. The production

25X1 of synthetic fiber and synthetic leather as a result of this research is quite possible.
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the British are probably the leaders 4n the field.
active in tidsue ultrastructure. There seems

L

8, This side of the Iron Curtain,
Germany and Scandinavia are also ve
to be some work going on in Italy.

25X1

- end -
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Bresler, 5#,, P, A, Finogenov, and S.Y. Frenkel. A diécussion of the struc-
ture of the dacromolecule of procollagen. Reports of the academy of Sciences
6f the U.S.S.H., LXXII (72),3, pp. 555-8, 1950.

In i9h7 V. N. Orekhovich and a. £. Tustanovsky (1) isolated a new
crystalline albumin from the skins of animels, which they called procollagen,
and studied its properties in detail (2-8). aside from the purely biological
problems which arose because of ’this discovery, the new albumin presented
much interest from the standpoint of the physicalechemistry of macromolecules.
By all exterral appearances it was similar to fibrous albumins , since, for
instance, it gave a solution with high viscosity. On the other hand, a strong
tendency to form crysfals made it comparable to the globular albumins.

1. We investigated the procollagen from the skin of rats. The sedimenta-
tion constant S of the albumin was measured in the ultracentrifuge in con-
centrations of 0.0L5 to 2.458. Ve also found the diffusion consﬁant D at

several concentrations, the specific volume and the viscosity. The experi-

ments in the ultracentrifuge were carried on at 60,000 RPM, giving an ac-

.celeration of 250,00 g., .':ind_ the sedimentation velocity was followed by

the scale method of Lamma. The diffusion measurements were made on an ap-
paratus provided with automatic'recording devices over‘the peried of two to
threé days.

For every experiment a fresh solution of procollagen was prepared
in 2,25 citrate buffer at a pH of 3.0 (this pH is the most stable one for
aibumin)° Afterwards the solution was filtéred to remove & small amount
of flocculent precipitate, using a No. L glass filter, upon which it appeared
serfectly transparent. The percentage of procollagen was determined from

the nitrogen content.
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€ is the density of water at 20° G. (.3982); ' is the diffusion constant;
T the absclute temperature (293° K.); and R the universal gas constant (8,313 °
167 erg/degrees) .
| The svpecific volume was measured using a pycnometer and turned

out (at 20°C) V = 0.720 +0.005.

By using the value at 0.h#% conc, ‘rom figure 2, S = (1.8 20.05) x
10713 one obtains for the molecular weight of procollagen M = 70,000 iBSOOD
This allows one to compare procollagen to the large group of globular albumins

near the weight of 70,0)), which corresponds to four of the elementary units

~ of Svedberg (17,50)).

31, Now we consider the degree of asymmetry of the albumin. Por this
ourpose we use the value of S exitrapolated back to zero concentration of

albumin, i.e, S = 3 ° 10713 (¥Fig. 2). Frrom the formula of sedimentations

r—pV)
S =%

(2)

o

we find the frictional force f. This frictional force is related to the
movement of the mecromolecules in an infinitely dilute solution, i.e. when

it does not depend on their interaction. I{ the mecromclecules are spheres
N, . .
one can apply Stokes law fy = 677“Y?aﬁ where a = X?%f i radius cof the

sphere (N is Avogadro's number).

For this case we make use of the empirically found relationships

§ - A M‘}.’S {I—\/)
i ] o 3 59 (D
5 7 w0 SV 7

(3)
If this equation (and it is exactly of the same magnitude as ob-

served by Svedberg for the most asymmetric globular albumins) is completely
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explained by the asyommetry of the sphers it zan be used Lo relate the formula

for frictionsl forces %o the dimsnsions of a prolate ellipsoids

V(/ TR
i 7 Y_ L= P

‘.,éihy 4%

(L)
Gsing our data the ratio of two seni-exes becomess
A= £ 55
Consequently, the molecule of procollagen presents a cylinder with a length
about 20 times its maximum diameter. Knowing the volume of the molecule
v = E%f , we find that the diameter d = 16,7 &, and the length L =~ 380 8.
Since the approxitate amino acid composition of the macronolecule
is known (8) we can calculate the average nmolecular weight of the residues,
m = 117, and therefore the degree of pclymeriszation of the procollagerx%/45§? a2 5000,
As the length of a single peptide bond equals about L, &, the length of the
whole polymeptide chain in procollagsn must be 2407 K, hat is 6.25 times the
length of the length L of the macromolecule. This undoubtedly means that the
polypeptide chain is coilad in the macromolecule of the albumin.

i, In conclusion we will discuss the morphological reactions of a solu=
tion of procollagen under the action of salts. It was known that the pre=
sence of salt directly affects a solution of procollagen, clanging, in par-
ticular, its viscosity. We examined in the ultracentrifuge a solution of
Droéollagen in 2.32 M HaCl at a »H of 3.J.

The result was that next to the original peak of the procollagen
appeared two new peaks, having a somewhat higher sedimentation rate (Fig. 3).
This indicated the appearance of “"dimers" because of the association of globules.
Evidently this association can take place by different paths. The simplest

variation of this association consists in the elongation of the jlobule by
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w0 (association in length). Usiag fomldas (2) and (3) easily shows woab
711 havpsn in thls case,

Equation {3) may be writisn aay

-~ v’) s
¢ PP N
da N i)
J \1\ o IATAYS
crems b PR i A
£ 7 &
b \
/o yi j g

¥or the dimer we have ithe corresponding

Therefore

(5
In our case of linear ezssociatiocn /:%J' = 2,78 {the length of the cyiincsr
LB R

. is doubled while the radius remains coustany). This would give theorebically
g?gg = 1.21. In uctuaJlty we obtained S» s 3.083 x 10 13 8w 2,558 x 107,
ety
and therefore Sp/$y = 1,20, which cons t wees an ideal correlation.

Definitely interesting is the second peak, a gedimentatiocn with the

] o a2
values of 83 = 3.9l x 10=13, bB/bl = 1,53, which is elmost equel to 2 /3 (1

o )/ y ®
This corresponds %0 an a@ssociation of ths two macrcmolecules along the lengii
of the sides of & forming cylinder. In vhis case the semi-ninor axis cf the
‘e11i psoid, as the length, stays constent, and tie relation 2ty of the dimers
is approximately equal to that of crdinary nolecules.,
This experiment cemonstrates nat under the action of salts, as s
imown, the lOnlC attraction betwzen primary groups of thes a’bumin is decrsased
(at a2 pH of 3,0 the dissociation of the acid groups is mainiy supressed). We

also see that molecules of procollagen combine in pairs, forming two types of

dimers = linear and lateral,
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~  Chernikov, M. P. Amino acid content of ox procollagen,

® ‘. Doklady Akad. Nauk, U.8,8.R. 67, 345-7, 1949. (Presented by the
' hdcademlcian A, D. Speransky, May 5, l9ﬁ9)u ‘

For the past three years U, N, Orekhovich and his collaborators
have been conducting a thorough astudy of the procollagen (1-12) of
proteins which were 1golated 1n the laboratory in crystalline form
from. the skin and interngl organs of humans and various animals.

. Along with the study of the biological and physical chemical
properties and the investigation of the prevalence of grotein in
the tissues of various animals (13,14) work was also conducted in
the investigation of the qualitative (N. E, Plotnikov) and quantita-
tive amino acid composition of the glven protein. , Some of the re=-
gulte of the chemical investigatlion of procollagen are set forth in
this paper. ‘

The procollagen was obtalned from the hlde of an ox immediately
after skinning. The hide was washed, shaved, the fat and cellular
tissues carefully removed, after which the hide was washed agaln
in a current of running water and was ground in a meat chopper
efter having been cut up into small pleces. The resulting paste
was usged for the isolation of protein, globulin and procollagen.

. After extracting the albumen and globulin with 1/15 M Na2P04
‘ the paste was washed with a cltrate buffer, pH = 3,5, ‘

The procollagen was extracted with ‘a triple quantity of
citrate buffer in the course of 3-i days at a temperature of +2°,
'Tnymol and toluene were used in gll caseés for preservation.

The amorphous preparatlion of procollagen was obtalned from the
cltrate extract by saturating it with dry NaCl up to 10%. " The
precipitate of albumen gettled in the form of white flakesg which
were collected on the filter. To cleanse the procollagen from
concomltant aglbumen, i1t was washed on the filter many times with
a 5% solution of NaCl, To remove salts the procollagen was made
gurbid'in a 15-20% golution of acetone with a subsequent centri-

vging. ’

This operation was repeated to a negative reaction for
chloride lons and a negative Mlllon's reaction, since the sbsence
of tyroeine indicates the purity of procollagen compounds. Beyond
.thgt the proteln was dried by the regular method with acetone and
ether,

’The'resulting compound of the ox procollagen econtained O.47%
ash, 17% nitrogen, 49% carbon and 7% hydrogen. ’

To determine tryptophane, tyrosine and phenylalanine, an
alkaline hydrolysis was carried out with § N golution NaOH in the
‘ course of 6 hours by light boiling over a sand bath, The alkali
was neutralized with a 14 N solution of HpSOy. The hydrolyzed
substance wag brought to a definite volume and then filtered,
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To determine the remainder of the aminéd acids an acld hydrolyelis
was carried out over a sand bath with 6 N solution of HCl in the

coursgse of 36 hours.
dilution.

The hydrolyzed subetance was filtered after
The hydrochloric acid was removed in a vacuum after which
the hydrolyzed substance was brought~to a definite volume.

For the analyeis of amino acids we uged mainly specific
methods which do not require any preliminary separation of amino

acids.,

satisfactory reesults,

The methods were.checked on hydrolyzed casein -or gelatin.

In all instances (except proline and oxyproline) we obtained fully

Tryptophane (15, tyrosine (16), phenylalanine (17), methionine
~(18), cystine and cysteine (19), proline and oxyproline (20), were

determined colorimetrically.

Glycine

and alanine by acidification

with ninhydrin and the ensuing colorimetric determination of the

resulting aldehydes (21,22),

Arginine, higtidlne, lysine, amino

guccinlc agnd §1utamic amino gclds were determined by the enzyme

method (23,24

(in the laboratory of B, E, Zbarsky).

The determinations were made on a Schtufenphotometer or on a

Specker agbsorptiometer.

The resulte of our investigationsg are tabulated in Table I.
This table also shows the amino acid composition of collagen and
gelatin (according to publighed data).

Table I

Amino Acidé

Tryptophane cco.socconcocnsacons
Tyrosine .....oc..
Phenylalanine
Arginine
Lysine. ...vcvcecvccnccca sapceoa
Histldlne oao-vu.ueenc'oot)oc'ooaoooo
Amino succinic acld 220000000000
Glutamlc 814 .cccccecosonasocoosa
Cystine ) '

Cyetelne) nooo.noopoonon‘naoa'oo;.ao
Methionine ..cococcosscocanancscsn
Glycine '
Alanine
Proline b 608 o ean
Oxyproline ,..ccocvecocococosasasa
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*In accordance with our data, in gelatin of the hide of a calf,
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Doklady Akad. Nauk. 67, 345, 1949

By comparing procollagen and collagen in their amlino acld
compositions 1t can be seen that they contain equal quantlties
of lysine, glutamic acld, alanine, arsginine, amino succinlic acld,
methlonine and glycine and nelther of the two contalns trypto-
phane, cystine and cystelne.

Procollagen and collagén differ in their contents of phenyl-
alnine, histidine, proline and oxypoline., Procollagen, unlike
collasgen, does not contain tyrosine.

Procollagen also differs in its amino aclid composition from
gelatin ae is seen from the data presented in the above table,
They contain different quantities of histidine, arginine, amino
guccinic acid, proline and oxyoroline, and, furthermore, gelatin
containg tyroeine while procollagen does not,

Thue, on the basis of our data, it can be said that pro-
collagen in its amino acid composition is close to collagen and
gelatin but ie not identical to them and appeasrs as an individual
protein with connective tlssues of the collagen type.

] am deeply grateful to Prof. V. N, Orekhovich for his
valuable instructions and guidance in the performance of this work.

Institute of Blologlcal and Medical Chemistry
Academy of Medlcal Sciences, U.S,S.R.

Issued for publication on May U, 19u9
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TEE AMINO ACID PROPERTIES OF BOVINE PROCOLLAGEN
K. P, Chernikov

(Reports of the Academy of Sciences of the USSR, LXVII, 2, p. 3L5-9)

V. N. Orekhovich and his associates have been conducting a multi]ateral
invest:.gation of the protein, procollagen; during the course of the last three
years (1-12). They have obtained this substance from the skin and internal or-
gans of both man and animals, using a product in crystalline form.

Together with the investigation of biological and physio-chemical prop-
erties, and also the distribubtion of the protein in quest:mn in different animals
(13,14), there has been work done on the qualitative (N.E.Plotnilkova) and quanti-
tative anino acids properties of procollagen.  Some of t.he results of the chemical
studies of this protein follow. o

Procollagen was obtained from cow hide freshly removed from the animal.
The skin was washed, the covering of hair removed, the fat and subeutanecous cellu~
lar substance eliminated, and the hide then again washed in running tap water.
The skin was ground up in a meat chopper after being cut into small sections. The
mash go obtained was used to get albumins, globulins, and procollagen.

After the extraction of albumins and globulins with 1/15 M solution of
NaQHPO , the mash was washed with a citrate buffer of pH 3.5. The procollagen

" was removed with a three-fold soaking in citrats buffer over a period of 3<h

davs at a temperature of 2°C. In all cases thymol and toluol were used as pre~
servatives.

. An amorvhous preparation of procollagen is obtained by adding solid NaCl
until a 10% solution was obtainsd. The protein precipitates as a white mass
which is collected by filtration. In ordor to remove associated proteins, the
filtrate is washed a number of times with 5% NaCl solution. In ordsr to removs
the salt, the progollagen was soaked in 15~20% acetone and subsequently centri-
fuged. This operation was repsated until one obtained a negativs reaction for
chloride ions and a negative Mellon's test, since the absence of tyrosine is a
good criteria for purity of procollagen. Thereupon the protein was dried in the
usual fashion witr acetone and ether.

Procollagen prepared in thig way bas 0.47% ash, 17% nitrogen, 494 carbon,
and 7% hydrogen. :

For the determination of tryptophane, tyrosine and phenylanaline, the pro-
tein was hydrolyzed in 5N NaOH for six hours, with gentle boiling on a sandbath.
The base was neuiralized with.a 1LN solution of sulfuric acid. The hydrolysate
waz then brought to a definite volume and filtered.

In order to determine the other amino acids, the procollagen was hydrolyzed
in 6N HC1 for 36 hours, with heating on a sand bath. After dilution the hydrolysate
was filtered. The hydrochloric acid was removed in a vacuum and the volume agd-
Justed to some definite emount.

M tf 3 Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5
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In ordser ¢o analyée the amino acids we used the accepbéd specific methods.

which do not require a preliminary separation of component amino acids.

cess was checked with gelatin or casein.
line and oxyproline) we obtained fully satisfactory results.

The pro-

In all cases (with the exception of pro-

Tryptophane (15), tyrosine (15), phenylalanine (17), methionine (18),
cystine and cysteine (19), proline and oxyproline (20) were determined color-
metrically. Glycine and alanine wers found by coloromeiric measurement of alde~-

hydes following oxidation with ninhydein (21,22).

Arginine, histidine; lysine,

aspartic and glutamic acids were determined by enzymatic methods (23,2h). (In
the laboratory of B.E.Zbarckogo) '

In Table T is presented the auino acid composition of procollagen with

those of gelatin and collagen, obtained from literaturce.
centage of dry, salt-free. protein weight.

The figures sre rer-.

Collagen (25) Procollagen Golatins(26)
Tryptophane 0.0% 0.0 0.0
Tyrosine 1.k 0.0 O.Lk
Phenylalanine 4.2 2.3 2.2
Arginine 8,8 9,2 8.0
Lysine L.5 L6 b1
Histidine 0.8 2.9 0. 79
Aspartic aeid 6.3 5.2 6.7
Glutamice acid 1i.3 1.0 1l.%

Cystins ) 0.0 0,0 0.07
Cysteine) ‘ ¢ ¢ _
Yethionine 0.8 0,66 0.61 (ou? wun data)
Glycﬁne 26.2 2800 25@5 )
Alanise 9¢S 9-5 ’ 807
Proline 15.1 (20) “19.7
OBWOIinE 1)4. 4] lhbh

Upon comparing collagen and procollagen according to amino acid composi~-
tion we can see the following facts: both contain the same amount of lysine,
glutanic acid, alanine, arginine, aspartic acid, methionine, and glycine and both
do not contain any tryptophane, cystine or cysteine.

Procollagen and collagen differ in their contents of phenylalanine, histi-
dine, proline and oxyproline. Procollagen, in distinction to colla gen, does not
contain any tyrosine.

A similar analysis can be done for gelatin. We thus see that though pro-
collagen is similar to collagen and gelatin in amino acid composition, it is not
identical, We may conclude it is a unique connective tissue protein.

At the Institute of Biological and Medical Chemistry

Acadeny of Sciences of the U.S.S.R. ‘ presented 5/4/L9
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A new group of connective tlssue pro
which were discovered by V., Orekhovic
thoroughly investigated during the co
At the present time, we know the chemlca

THE PROCOLLAG

ohyslo-chemical propertlies of procollaren.

done on the biologica

~ In thie paper ve preaent,aéme observation
series /of experiments devoted to procollagen.

with the content of

agee (from ten days to one year ang more).

From the skin of normal,
collagen by the method of A. Tusta
of thir protein by comparing it wi

. skin; as well as by comparlison to
The skin, removed immediately afte
from hair, subcutaneoue fat and oe
methods glven prev
repeated five times.
constant welght.

Ar Wwe see from table 1,
10 day to 5-6 monthe) have an amou
More mature animals

tween 7-107.

1ously {204).

T
The procolla
The results are

h and A,
drse of the last year (1-13).

1 composition, chemical and
There has been much vork
1 significance of this protein.
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K. D. OREKHOVICH
(Akademiia Nugk USSR Doklady, 71:521, 1950)

EN CONTENT OF SKIN IN ANIMALS
OF DIFFERENT AGES

teins - procollagens,

Tustanovekl, has been

& based on the last

The investigations deal

procollagen in [the skin of guinea pigs of various

healthy animals we extracted pro-
ovich {3) and determined the amount
h the weight of the dry, degreased

he mass of ekin protein--collagen.

iven in table ).

ki1ling the animal, was freed
1s, ground-up and treated by the
e extraction of the proteln was
en thus obtalned wae dried to

uinea plka at a young age (from

t of procollagen which varies be-

7-8 monthe) show a drop to 349,

while the old guinea piges (8 months and older) have only 1-2% of oro-
collagen. ,
Table 1
Age Weight when % Pro- Age  Welght % Pro-
killed (g) no llagen collagen
10 days 80-117 6.7% 7-8 months 690 1.0
20 " 120—1%0 7.3% " 670 2.9
2-6 monthe 262 8.2 " 718 2.7
- oo &3 : Tea 870
" 337 7.5 & monthe plus77l 1.0
" 323 1ong , 800 1.6
" 3456 10. " gho 3.5
" 367 6.8 " 862 1.8
" 377 14.0 ¢ 875 293
" gh , g.u4 ne 902 -0
u 00 1052 " 9 2.6
" 402 a, " 1050 1.8
" Ly 10.0 1005 3.1
] )45)4 g .3
1] .
: 27 &3
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In order to answer the objection that our data depends on
the different extraction conditions ootimum for older and younger
animals, we conducted the following expoeriment.

We took the skin from five animale weighing 300-U00 grame
and from two guinea pips of 725 and 827 &. The maeh obtained from
these two groups of animals waes divided 1into eight oortione. Each
aliguot war covered with buffer polution of the following oH: 1.F%F,
2.0, 3.0, 3.6, 2.95, L.12, b.U7, §,02. Procollagen was obtained
from the extracte. We found {see Table 2) that the resulte were
the same regardless of the extraction ured, and that they alefo
corresoonded to earlier concluslone, l.e., that the skin of older
animale has reveral times lere orocollagen than that of younger
onee, althousgh the ootimum extraction conditione vary for the two
Zrougs. :

On the basies of the facte presented above, we can be con-
fident of the fact that ae an animsl eete older the percentage of
orocollagen in ite ekin decreases. It ie notable, that in old
animale the process of formatlon of new collagen fibers is aleo
elower. There is reason to susrgect that there le some relationehio
between the formation of collagen and the concentration of pro-

. co~lagen within the skin.

Table 2 ' v

THE AMOUNT OF PROZOLLAGRN OBTAINTD FROM THE SKINS
GUIN®A 2IGS UNDER DIFFERENT EXTRACTION
CONDITIONS

Weieht (o) pH solution .

1.8 2.0 3,0 3,6 3,95 .12 LAh7 5,02
300-100 11.6 14.3 17.1 12.3 #.& 7.2  12.0 g.8
72R, &27 2.t 2.6 3.3 3.6 L.2 b b 3.1t 2.2

Institute of Biolosical and
Medical Chemistry of the Academy
of Medical Science of the USSR Precented by:

7/1/1949
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Same as orevious article

Translated by:
Walter Stahl
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Orekhovich, V.N. et al. The procollagen of hide. Biokhimiya
'%2(1)3 55-60 {1948), (Translated from Ruselan by
rs. i, Baker)

We have lgolated and obtained out of the hides of animals,
albumin in crystelline form which evidently belongs to a svecial
grouv of connective tiasue albumin. There are gome reasons %o
assume that 1% is & biochemical nredecesgsor of collagen, and we
therefore named 1%t orocollagen {1-%). In this article are given
the dsta of the prevaler-.n of orocollagen in the animal world
and some facts about the nature of thls albumin.

Materianl and Methofs

For the purvose of experimentatlon animals of varlous
classes of vertebrates and invertebrates were taken. Of the
mammalg rabbite, rats, calves, dogs and cats were taken; of
blrds - hens: of reévtiles - turtles and grass gnakesg; of
amphibians - frogs; of fish - pike~perch. Begides that, teats
were made {for content of orocollasen) with human skin and tlssues
of various species of invertebrate animals.

The hides of anlmals were taken lmmediately following their
glaughter and the removal of their blood. The outer coverings
(wool, scales, feather and lorny membranes), hypodermic tissus,
fat, etc. were carefully removed and the remaining materlial was
eground up. The resulilng paste was used for the purvose of iso-
lation of albuming, globulins and orocollagzen (ecrystalline and
amorohous). :

The albuminsg and globulins of the animal hides were isolated
from the paste by means of five tlmes the volume 0.3 M Na HPOy with-
in 24-36 hre. at ¥2°. The globulins were igolated by adding an
equal voiume of a saturated solutlon of (NHp ) 580y .

" "By sading (NHy},80y to saturation; the albuming wers
igolated from the filtrate.

The crystalline procollager. was igolated by the following
method. After extraction of the albumine and globulinsg by means
of the phosphate, the remalning vaste was washed once or twice with
amall batches of cltrate buffer pH = 4.0, To the washed out paste
was added citrate buffer (pH = 4.0} five times the amount by volumse
{the weight of the paste!. This mixture was left at a temperature
of (#1°, *2® C) for 24-36 hours. After flltration a transoarent
viscous solutlion containing orocollazen was obtained. This
filtrate was put in collodion or cellophane bags for dlalysis
under running water or 0.01 M NaoHPOy. In 24 hours crystals of .
orocollagen in the shape of long needlee were precipitated. The
orystalline orocollagen vas collected on a fi)ter and dried with
filter naver. The moigt orystals were keot cool. To obtain dry
albumin the crystalline procollagen was desiccated with alcohol
and ether and then dried to a constant welght at 104-3105° or the
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"Procollagen of Hide" .2,

dry cr{sgale were obtalned by the method previously publighed

Amorohous orevaration of procollagen we obtained by the
followineg method. To the citrate extract of the hide vasie was
added an mual volume of a 10% solution of sodium chloride. The
procollagen was isolated from the solution. The orecipitate of
albumin was collected ‘'on the filter and washed several times with
a 4-5% golution of sodium chloride. The moist procollagen was
kept in the cold.

The ultraviolet spectra of the absorption of the albumin
golutione were studied with the aid of a Smith and Hensh quartz
spectrograph {medium dispersion) by the method of the threshold
of blackening., The source of light was a hydrogen lamp of low
voltage of the GOI gystem.

The orocollagen was bolled with cryatalline peosin (2),
tryosin and chymotryosin (prepared by method of Kunitz and
Northrop) and vreparations of papaln and oatepsin {(an acid gly-
cerine extract from the liver of a rabbit)

Regults of Investigationg

The Qccurrence of Procollarsen

We encounter vrocollagen in the gkineg of all clasres of
vertebrate anlmals.

a. Mammals. We found nrocollagen in the skin of all the
animals we examined {rata, rabbits, calves, dogs and cats). The
smount as well as the conditiong of its extraction and crystalliza-
tion vary with different animals. The age of the animal is evi-
dently important. The younger the animal the easgier it 1g to
extract the albumin and the easler it crystallizes.

The skin of rabbits contalins sbout 4% of vrocollagem {to the
dry weight of the skin). The albumin crystallizes out of the
extracts more completely and much faster with a ocitrate buffer
solution of an initisl pHE = 3.8, The crystals are in the shave
of needles with a maximum length of 260 u (see diag. 1). Out of
the skin of a dog the vrocollazen is 1solated in a much lesser
amount, namely O0.6%. The crystals form during dialysis from the
extracts with citrate and buffer solutions with an initial oH of
from 3.0 %o 4.0, The maximum length of the crystals is 130 A
Crystal procollagen was also isolated from the gkin of a cat.

The maximum length of the crystals 1s 130 P The albunin

crystallizes much faster in tne process of 4lalysis under 0.01 M
Na POu, the orystallization proceeds much slower in the dialysis
unger running water. Procollagen becomes lgolated very easily
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out of the hide of a newly born calf. The albumin ig crystal-
lized from the extracta with citrate buffer solutions with an
initial oH of from 2.0 to 5.4. The yield of albumin is 0.86%,
The maximum length of crystal is 195 p {(see diag. 2)

b. Birds. The albumin was isolated from the skin of chickg
about 1.5 months old. The crystallized albumin is precivitated
from the extracts with buffer solutions of an initial pH 2.7-5.5

¢. BReotiles. The albumin was isolated from the skin of a
Middle Aslatic daesert turtle. The nrocollagen of this reptile
dleclopes the peculliarity that the albumin crystals can be ob-
talned onlx AT the oH of the citrate buffer golution (used ror
ex¥tresction’ doeas not exceed 3.0 and the dlalysis i’ carried out
under 0,01 M NasHPOy but not under running water. The maximum
Llength of crystals is 52 p. 5o fsr we have not succeeded in
1rolating the orocollagen from the skin of a grass enake,

d. Amphibiang. Crystalline orocollagen in only very emall .
%uantities can be obtained from the ekin of froge (Rana temporaria).
he 8islysla of the extracts ig better under a solution of Nao POy,

M:ximum length of crystals is 6% p.

. Figh. The skin of fish, seeminzly, contains the largest
amount of onrocollagen. 255% of procollagen (dry albumin with dry
welght of ekin) was obtained from the ekin of a pike-perch. The
albumin passes into the solution very easily and erystallizes in
the dialysls under running water as easily as under 0.01 M Na HPOy,
The albumin erystals orecipitate from all the extracts with citrate
buffer solutiong with a pH of from 3.5 to 5.5. The maximum length
of cryetals 1s 90 p. So far we falled to igolate the procollasen
from the tlssues of the invertebrates. It is vossible that the
modes of extraction of this albumin have to be different from the
onés develoved by us in the case of vertebrates.

The Nature of Procollagen

Frocollagzen is a globular albumin solubie in ascldified water
and not soluble in neutral and weak aikaline medium. In concen-
trated solutions it has a very high viscosity. Xt precipitates
from solution even in the presence of emall concentration of
sodium chloride (6%) and other neutral saits. In amino acldic
comnosltion 1t avproaches collagen and gelatin, but in solubility
and salting out and other vroperties 1t Aiffers from them. During
bolling of the solutions or during sugpengion, orocollagen turng
to gelatin.

Below we will describe certain facte which characterize the
nature of this albumin.
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a. Ultraviolet Abscirotlion Spectra. We have made g atudy
of the ultraviolet abgorption gpectra of solutions of nrocollagen,

albumin and globulins of skin and gelatin.

Diag. 3. Ultraviolet abeorption spectra of solution of
albumin and globulin of skin. The unbroken
line is that of albumin and the dotted line is
that of globulin,

For analysis we orer:i-ed 1, 3, 4, 6 and 10% acidified water
solutionsg of nrocollagen .pH of solutions from 2 to 5), 1, ?9 5, 6
and 10%£ water solutions o7 gelatin from the hide of a calf (oH of
solutions from 2 to 7). Since the majority of the above indicated
solutions at room temoerature form a Jelly, 1t was necessary to
heat the solutions to 30-35° in crder to fill the cuvette of the
soectrogreph. Albuming and-globulins of the ekin were used in
ghe for? of 0.75% salt solutionsg of albumins (pH of @olution -

65=7.0},

Solutions of albumins and globuling of askin give a tynlecal
aibumin soectrum with a maximum abgorotion of about 2,800 Algee
diag. 3) which is defined in thece albumine by the oresgence of
conaidersble quantities of tyrosine and tryptovhane. In the
spectra of vrocollagen solutions, the characteristic maximal

-abrorption ig absent and only in the spectra of concentrated

(over 3%} solutions of albumln there are 5 abeorntion lines, three
of which have a width of 30 A each and 2~20 A each. Thege lines
lie between 2570 and 2,600 A; 2 ,640-2,660 A; 2,690-2,710 4:
2,760-2,790 A; 2,840-2,870 A (gee diag. U).

In the epectra of 6% and 10% solutions of celatin obtained
from the hide of a calf, we gucceeded in detecting only 2 absorp-
tion lines 2,570-2,600 &, 2,640-2,660 A and 2,680-2,700 A (aiag 5).
Comparing the absorotion spectra of these two albuming it is seen
that the absorotion lines for gelatin noted by us are identical
with the corresgoonding lines in the abgsorotion gpectra of oro-
collagen. The next 2 lines of abaorption which lie in the longer
wave sgectlion of the ultraviolet we could not detect in the
spectra of the gelatin solutions. As is known (5), the charac-
teristics of abrorption spectra of gelatin are devendent upon the
absence from the albumin of tyrosine and tryotonhane and on the
presence of phenylalanine. On ths bagis of the sbove-mentioned
facts we can assert that vhenylalanine ig alsgo oregent in pro-
collagen. For the time being we cannot exvlain on what the
characteristic of the absorption spectrum of vrocollagen denends.

b. The Relationshivp of FProcollagen to Proteinages. We made
a study of the digestibility of crystalline nrocollagen with
various proteolytic enzymes. It became clear that thie albumin
is well digested by tissue proteinases {catepsin and vapain! and
comparatively poorly by the oroteinases of the digestive system
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{pevsin, trypsin and chymotryosin)

{(gee table below)

TABLE I

The Intensity of Fermentative Hydrolysis of Procollagen
at Various pH Media

Increase of Amino Nitrozen in 2% hrs. in specimen (in mg.)

Enzymes il
2.3 3.2 3.67 40 44 45 Wy 560 6.0 7.8

bavain 1,30 1.40 2.10 0.90 1.50 == 1.50 -~ 1.60 --
cateosin 0.0 0.70 1.90 2,30 =-- 2.20 -- 1,60 1.10 --
pevsin 0.0 0.0 0.90 0.0 -- 0.60 -- 0.30 -- --
tryosin . - T T - vo0
chymotryosin] -- - - - - - — - -~ 0,60

15%; with peosin 1L%;

In the process of hydrolysia of albumin in 24 hours here is
iiberated in the form of free amino nitrogen, the following ver-
centages of the entire albuminoug nitrogen:
under action of papain about 30%; by hydrolysis with tryosin only

and with chymotrynsin 9%°

with catepsin - 40%;

Denaturing of

albumin by boiling has no effect on the extent of its hydrolysls
with trypsin and chymotrypsin.

Chemical Comvosition of Albumin

highly purified and multiprecipiftated procollagen there ie:
49%, nitrogen 16%, hydrogen 7.5%

d1fficult to igolate by methods avallable to us.

*

We have already published certain data sbout the elementary
composition of procollagen from <he skins of rats and rabbits. In

(averages).

carbon

A gmall amount of vhosohorus (0.15%) which is found in pro-
collagen we are inclined to attribute to impurities which are

On the basgia of

reculte from the ultraviolet spectrography we can already conclude
that orocollagen definltely or aimost definitely does not contain

tyrosine or tryptophane.
have establirshed that there is no tyros

On the basim of chemical reactions we
ine {Millon‘s reaction

negative) and only traces of tryotoohane (xanthoproteic reaction

and volsene reaction).

Reactiong for sulphur are negative.

We

1golated Trom albumin higtidine (in the form of nitroanilide),

arginine (in the form of flaviam!

.de) and lyseine {in the form of

ni troanilidsls ¢ BB ShosRTRER BIRROPEID0826 At 603045 5%.
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Procollaren contains over 10% of dicarboxylic acids (isolated by

us in the form of barium ealts). Albumin containg a considerable
amount of proline and hydroxyoroline. The reaction for carbohy-

drate 1s vositive,.

Conclusiong

The albumin of skin which according to our tests possesses .
a hlgh biochemical instability when igolated in crystalline form,
differs in a seriem of characteristics from heretofore known
albuming. It may be assumed that it is a forerunner of collagen
and 1e, therefore, named procollagen by us.

It seeme to us that there 1s basis to classify this albumin
in a special group of connective tisrue albumin an® that nrocollagen
will not be the only representative of thig groun. Procollazen is
widely spread in the animal world and it is safe to say that there
are not any specles of vertebrates which do not contain this albumin.
According to our tests, procollagen is vresent not only in the gkin
but also in a series of other tissues and organsg of animals. In
pvarticular, it was posslble to 1solate from the tendons of a bull
a crystalline albumin which resembled the nrocollagzen of skin.
It will be of interest to compare the ldentity of the procollagen
igolated by us with the eryetals of albumin in comnounds of the
sinews of a rat’'s tall as observed under a microscooe by Nageotte
and with the amorphous comnound of collagen like albumin igolated
from the skin.

We consider 1t our duty to express our thanks to our coil-

laborator XK. D. Leontgeva of the physiochemical laboratory for
her great helo in spectrography

Titles of Diagrams
Diag. 1. Crystalline rrocollagen from the skin of a rabbit.
Diag. 2. Crystalline procollagen from tac hide of a calf.,

Digg. 3. (explained in text)

Diag. 4. Ultraviolet absorotion soectrum, 4% golution of pro-
collagen

Diag. 5. Ultraviolet absorption svectrum, 6% golution of gelatin
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i CONCERNING THE METABCLIC TURNOVER RATTES OF VARIOUS ORGAN AND
TISSUE PROTEINS ’

Akademila Nauk SSR Doklady, 71:5105, 1250

It ie well known that there ie a continuous renewal of the
ocarte of an organism; that Lte groteins, fats and carbohydrates do not
remain ‘unchanged after their gyntheels and inclusion in oregane or
tiesuee, hut are conetantly being turned-over. Naturally, the study
of this process 1ls &a very escential and important part of the decipher-
ing of the functions of the organism. This 1e especially interesting
from the estandpoint of protelns,

For our studles we have made ure of tagged atome to determine
the turnover rates of different organ and tiesue oroteins and thelr \
ceparate fractionse., Thie oroblem has been srtudled by Schoenheimer and
his aeeociates (1), who made use of tagged amino acide. They only in-
vestigated the time for incluesion of theese substances into different
oroteins, but not the overall turnover rate of the oroteln, Uleeing
and ¥Xrough ? investigated the overall renewal of oroteins with the
atd of a heavy hydrogen isotope {deuterium), carried in the form of
hegvy water. They were only interested in the turnover rater of oro-
teins of the eskin, muscles and some internal orsane.

We aleo made usre of heavy water, etudving the turnover rate
of oroteins from the organs and ticeues of white rate, as well as rome
of thelr constituent fractions.

Heavy water was given to the snimsle at such a rate that
after a few daye itse concentration in the body reached 1%. Then the
animale were killed and protelne extracted from all organs and tlerues,
The orotelne were curefully treated to remove ohyeically bound water,
Aried to conetant weight and ilnclnerated. After being sultably cleanred,
the water formed was snalyzed for atom per cent Aeuterium by the flotation _
density method.

The data we obtained are presented ln Table 1. It is gseen
that the facteet turnover rate occurs in the oroteins of the liver,
while that of the rkin and muscles ig the slowest. The rest of the
inveetigated oroteine lie belween there limite.

We tried to characterize the turnover rate of oroteins not
only with respect to how fart they took up deuterium, but aleo ag %o
how fast they lost it agein, With thie goal we worked with a group
of rats which were given heavy water for twelve daye and then not
killed immediately, but after twelve more daye had elapeed.
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b ' Table 1

TURNOVER RATES OF PROTEINS OBTAINED FROM VARIOUS ORGANS

Organ Exceas of deuterium Turnover Excers of deuter- Differ-
(at 4) after intro- rate (%)  ium (at %) after ence (%)
duction of D O of pro- stooping introduc-
telns tion of D?O
Liver 0.23%2 2%3.3 0,109 0.123%
Intestine 0.170 17.0 0.094 0.076
Spleen 0.3167 15.7 0.107 0.060
Xidneys 0.162 16.2 0.079 0.0873
Stomach 0.127 13.7 0,08l -~ 0.0%83
Heart 0.1326 13, 0.106 0.020
Lungs 0.11% 11.K 0.078 0.037
Brain 0.112 11..2 0.062 0.020

Ae we ree from the data oresented in Table 2, the rate of loss
of deuterium from proteins of organs and tissuees 1€ not the same as
their rate of uptake. For example, the uotake of deuterium by the
kidneye ranke fifth, while it 1e ececond as far ae rate of lose 1lg con-
cerned.

Table 2

LOWERING OF THE AMCURT CF DEUTERIUM IN PRCTEINS CF VARICUS
ORGANS 12 DAYS AFTER [T CTEASED BEING PRESENTED- ( %)

ORGAN 7 DECREASE
Liver ~3
Kidneys Bl
Intestine Lo
Stomach 24
Lunge 31
Soleen 30
Heart 20
Brain 19

There is the same lack of correspondence in fthe uptake and
lose retee of the proteins from lunge and etomach. Thie 1e exolained,
aoparently, by a difference 1n intensity of exchange rate of structural
moleties between varioue organe. The disproportionally low figure for
kidneys can be explalned not only by the intenselty of turnover of aminu
acide containing deuterium, but aleo, apoarently, becaure of the dilu-
tion of their own structural proteins with thoere from organs wvhich con-
tain & 1low concentration of the isotope.

Torether with the study of the intensity a2f the turnover rate
of the oroteine from different organs and tiefues, we aleo study the
turnover of verious protein fractions derived from the same organ. We
anticipated that by tnle method we would be able to answer the quertion,
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eréan&is specific for indlvidual fractione which o into the mekeuo
of the organ. The figures ve obtained are oresented in Table 3.

Table 3

INTENSITY CF TURNOVER OF VARICUS PROTEIN FRACTICNS
FROM TIFFZRENT CRGANS

>roteln Txceas of Turnover
deuterium (at %) rate (%)
Blood sroteins 0.181 14.1
Blood globulins 0.1u48 . e
Liver glovulins , 0.137 13,7
Skin globulilne 0.138 13.2
Albumine and globullne 0.177 17.7

of the gkin

Collagen of the skin 0.132 17,2
Procollagen of the eskin 0.12% 12.72
Oegein (cnllagen ?) 0,118 15,8
Muecle orotelns 0.101 10.1
¥yogen 0. 089 *,Q

Le can be reen from this data, the turnover rate of rlobuline
of the blood, liver and skin 1r oractically the same, while the in-
tensity of turnover of the collaren of the ekin is much lower than
the rkin globuline. In this way we can see that the turnover rate
of the fractione veries in each given organ.

Beeides examining the turnover rates in normel adult rate,
we aleo etudled them in newborn anlmale and thelir mothers., For these
experimente we fed a oregnant rat heavy water for tvelve daye before
the birth of her litter. The rame day that the rats were born they
were killed, together with their mothers, and ornteins from different
organe analyzed for thelr content of deuterium. The results 2re elven
in Table k.

Table 4
INTENSITY OF TURNOVER IN ATOM PERTENT OF
DEUTERIUYM
Tisrue Tvceer atom-7 Protein turnover %
' Eﬂﬁﬁﬁﬁ Newborn Mother Nevwborn
Skin , 0.070 0.236 7.0 23.6
Tnternal 0.187 0. 2FY 1%.7 ) pe .l
organs
Sarcaes - 0,264 . oA, U
Muecles 0.070 - 7.0 -
Head - 0.282 - oK, 2
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> N Ae we can see from Table U4, the turnover rate of the orotelins
of the ekin and muscles of the mother ls markedly lese than that of
normal sdult rate (Table 1). Thils indicates that there 1 a csharp de-
creage in turnover rate of muscle and rkin protelns durine oreegnancy.
The turnover rate for the internal organs of the mother 1is normal. The
oroteine of a2ll the tissues of the new born animals show almoet the rfame
excess of deuterium, which i1s much higher than any of the rates of the
tiecues of the mother., This may be exoplalned, perhaps by the fact that
all the organs and tiseues of the embryo are belne built uo of free amino
acide, without 1tes making use of the formed proteine of ite mother's
organism,

Inftitute of Blological and
Medical Chemietry, Academy of ‘
vaediecal Scilences of the USSR Presented:

6/31/u¢
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Té%anovekil A, A,,"Concerning the protelns of skin.®
Bioxniniia, 12(h): 285-2%0. 1947

talline protein resembling collagen 1s obtalned fron
rabblé cgiargt aklnpby the following procedure: Shredded ekin,
freed from muecle, porous epldermis ard auperficial fat, is ex-
tracted with 0,1 M burfer composed of completely or partlally .
neutralized organic acid (citgic” asuccinle, oxglic, lactlc, tar-
taric, adipic or glutamic). The optimum pd for extraoglon,var}es
wlth the type of ekin and the organic acld employed. n the ex-
traction of rat skin the optlmum pH 1e 3.5 for oxallc acid buffer
and 4.1 for citric acid buffer, while in the extraction of rabvbit
gkin with citric acld buffer the optimum pH 1s!5°7n Extraction
wlth 5e6 mi. of huffer/g. of egkin requlrer 12 roure under mechani-
cal agltation. Extraction and subgequent operstions are carried
out at 7-8 C. The buffer extract is clarified by centrifugatign
and filtration. The filtrate 18 dialyzed agalnet water, pH 7- -
Wnen the buffer concentration falls tc below 0.01 ¥, crystal pr“
aration occurs spontaneously. Crystals are’predominantly negd&ea
like, length 25-750 microne, dlameter 5-6 micrens. 100 & ﬁ o
fresh rat ekin yields 2.7 R. of dry cryetallilns protein. - M, U,
Brockmann :
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A. L. ZaYder and S, L. Pupko
. *  (akademila Nauk USSR Doklady, Vol. 73: 991, 19%0)

ELECTRON-MICROSCOPIC INVESTIGATION OF THE EFFECTS COF
ALKALIS AND PANCREATIN ON ZOLLAGEN

The electron microecopic examination of collagen has dls-
closed the presence a regularly repeating structural pattern in the
fiver (1).

There is a etrong interest in the effects of various treat-
mente on this gtructure. Since the production of collamen by the rkin
involves the presence of specific flulder and enzymes of the pancreaf--
pancreatin, we declded to etudy the influence of there reagente flret,
erpeclally since the illucidation of the action of lime on collamen
ie inadequate (2), and the literature on the enzymatic treatment 1ie
totally lacking,

Fiecer of collagen, obtained from the frontal oart of a
rteer ekin, cut in a eilze 2 ¥ 10 cm. were procesced wlth s esolutlon
of lime-water containing calclum hydroxide in a concentration of
10g/1. They were keot in this ruspension over a varyine verlod of
tive, raneing from four daye to two veare. Before examinatlon, the
swollen fibers were neutralized in 5% bisulfite and carefully washed.

The enzymatlic treatment of fibers kept in alkall for four
days and then neutralized was carried out with a one per cent soclution
of pancreatin at a temperature of 372C, for periodes of 3 hours, & houre,
12 hours, and four dave, with conetant agitation all the while. With
the protracted pancreatin treatment, we used a dally chanse of pan-
creatin eolution.

Then the collagen wase wached with water and dried in ether-
alcchol. '

From the prepared tissuees we cut esections in a freezing
microtome; they were then dlspersed for five minutes in a magneto-
gtrictive aoparatus with a frequency of about & kilochertz.

The dispereed collagen wae placed on a collodion film and
crhadowed with chromium for increaced contrast, uesing an angle of 1R°.

The resulte show that treatment with limewater over a period
of four daye cauceg abrolutely no change in the structure of the
collagen (Fig. la). With collamen eroaked for a month we begin to see
disruption of the structure, which becomes more marked uoson two months!
proceselineg. Tosether with reglons without local changes, we can fee
strongly deformed fibrils, mixed up among each other and with a loss
of periodic structure (Fig, 1,b). :

A complete lack of recular structure 1le reen in collagen
after two years of treatment with calcium hyiroxide solutlon (Fig. 1l,c¢).

We thuas conclude that the limewater hae to act & long time
to cause complete breakdown of structure; ite action 1e rlow and
irregular,
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A eimilarly unpredictable change in form ie crusred by the
action of pancreatin. But the character of the alteration 1lgf qulte
different.

Enzymatic treatment carried out over.a period of three
houre doer not change the typlcal electron~-microscooic picture of
collagen.

It is interesting to note that the indicated duration of
treatment corresponds to collagen produced in a certain way, andg
that our experimente under these conditions showed abrsolutely no
alteration in the finest detalls we could resolve.

In proportion to extended treatment in enzymatic solutlion,
a destruction of the collagen starre to asppear gradually. In the
e.m. olcture of material orocessed for 8 houre, we can eee badly
damaged regions together with ones that rhow clearly defined strla-
tione (Fig. 2,a). Treatment over the couree of 12 hours causesr
partial unraveling and breakdown of the flbers (FMg. 2,b), while
four-day digestion yielde material with no regularity at all, gliving
juet "debris" under the electron-mlcroscoge (Fig. 2,¢).

In one of our oapere (3), we noted that electron-micrograohs
of replicas of all collasen fibrils gave a definite orientation of
gerpendicular bends, Similarly with diepersed fibers, we noted thir
regularity of structure in all fibrilse which could be obrerved clofe
enough to each other. We cen see in Fie. 3 that the dark and light
regions corresoond in adjacent fibers., Thie 1s an adequate oroof
of the organized spatial arrangements of the molecular micelleg
found in collaegen.

We are indebted to A. N, Mikhailov and A. I. Frimer for
their interest and work.

Central‘Soientific-examininz Inetitute Presented:
of the Leather-wear Industries of the 1'SSR 6/10/19%0
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DIAGRAM 7TAPTIONS

Fie. 1 follagen treated with milk of lime, Aispersed
with sound and shadowed with chromium. Leneth
of treatment: a=Y 7fave, b-2 mnnthe, c-(beta)-
2 yesre

Fig. 2 Collagen after enzymatlc treatment, Alspereed
with sound and shadowed with chromium. Leneth
of enzymatic treatment: a-8 houre, b-12 hours,
c-U Aays

Fir. 3 Ultrastructure of fibrile, dleperred with round
and shadowed with chromium
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Zagdes, A, L, and 8. L, Po)pke. The electron microscopic
exXamlnation of cellagen. Reports of the Acad, of Seci., of USSR
LAV, 2, pp. 227-8, 1949, From the Central Research Inst. of the
Leather~feootwesr Industries.

The electron microscope examinstion of the primary fibrous
orotein of the skin, collazen, is of interest from two viewpolnts.
It is, of course, allowing the growth of ideas about collamen
1tself and its production by the skin. But 1t is also ghedding
light on the nature of fibrous proteins, in general, which are
more widely dlstributed.

To the present time x-ray analysis has been ured to examine
the fine pstructure of collagen. Thie did not allow, however,
the examination of the form and inter-relation of the elements of
the subfibrils whoese thickness ranges from 100-50 A,

~ For the electron microscoplc éxamination of collagen we uged
both direct obrervation and replicd technigue. Our exminstion by
the latter method confirmed the earlier observations of the
etructure of this material {1).

A more thorough method of direct obeervation was the resul®
of sectioning in & microtome to a thickness of a few mlcrons and
thien dlspersing with ultrasonie vibrations of frequency of about
€,000 c.p.s. for 3-5 minutes. The preparations so obtalned were
deposited on fllms of collodicn or aluminum oxide and shadowed
with chromium to give more contrast {2). '

Untreated fibers were examined, as wWell as those stained with
varioue ealis of heavy metals and extracts from wood of the oak.

All examinations of the fiberse have revealed perlodic bande
which are arranged perpendicular to the long axis or as a gpiral.
The gpiral form appeared very sharply 1n some of the photomicro-.
graphs.,

Yhen different forme of treatment are used, the width of
the strlations changes, revealing stlll finer bands within. Thus,
material treated with tan-bark extracts showe an over-all spacing
of gbout 700 4 and a band width of about 170 A,

The polyasterol-quartz replica of untreated collagen fully
confirms the above findinges (2).

Simllar reeults are also obtained through the use of methyl-
methacrylate-guartz replicas which avold the necegsity of heating
the object during preparation.

Electron microscopic examinations of collagen fibers by
American authore {3) mlves the following picture of 1ts structure,
The wide bands of the collagen subfibrils conslist of greveral
smaller bande which show a characteristic, periodic density. The
bande extend the width of the whole fiber., This conclusion ias
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not in agreement with our own experimental resulta.

If the subfibril really has the chain form given above,
replicas of individual fibers should show the form of the fiber
without its interngl structure, Electron photomicrographs pre-
pared by us, however, show a periodic structure consieting of tvo
mutually perpendicular spirals of subfibrils.

Thess obgervatlions bring us to the concluslon that the molecular
componente of collagen ghow & contour structuyre.

The accompanying electron microphotographs {none) of untreated,
shadowed collagen fibers (chromium) show the outer structure of
the material. The shadows show the same vperiodlc structure; proving
the presence of the rellef.

Phe observation of fibers at the moment of bursting due to
the action of the electron beam on the fiber or gupporting film
has confirmed the above conclusion. The break always occurs at
the lightest, and then the most thin, bands. The more dark, and
therefore dense, bands then take on the form of an extended droplet.

In the broken fibers the spacing between the light and dark bands
ig still more apparent, supporting the above hypothesia.

It 1 interesting to note that the broken fiber takes on a
more uniform appearance when stalned with phosphotungetlc acld,
apparently due to a more uniform absorption of the metal.
Receiveds Dec. 30, 1948
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Diggrams

Fig, 1. Unraveled collasen ‘ ' '
Fig. 2a. Ngtive collamen; 6-atained with phoephotungstic acld;
-uranyl acetate stained; % -oak extract treated,
Fig. 3a. Chromium shadowed collagen fiber; 5-polysterol quartz
replica of collagen

Fig, 4. PTA treated fiber digtorted by bursting of underlying film,

Translated by Walter Stahl
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¢ oyE TLESTRCE-MIOANSOCPIC TXAMIKATION OF ZCLLAGEN
USING THE ROPTICA TECHNIWUR

The orimary advantage of the reolica technique for examining
coliasen (1) lies in the fact that it does not require that the fibere
he treated 1n any secructurally-disturbing vay (for instence, as in Ale- P
nereion by eonic vihratione) and that one can obtaln she imoreseion of
a block of material, according to'wnich 1t 1ie poseible to Judge iLhe
architecture of the tissues. The inveetigations of collagen by the
collodion replica technique avallable 1n the literature (2) deal with
carnles of the Tibers firet disperesed by various methode {(=onle vibra-
tiohg collnid mill, mechanlceal uvrraveling wilth needles). By thirs
method one obteine imorints of single fibere only, eince by euch treat-
ment the histolosical structure of the coliagen ie destroved.

-

Together with the etudy of dry oblecte by the ure of poly-
eterol-quartz repllcar, ve aave varked out a method of getting replices
of wet materisic, Io szchleve this goal we heat an sliguot of methyl
methecrylate ronomer in & refl%y condenser, adding the polvmerization
catalvet. Thie 1l carried on vntil the liguld becomes el leghtly viecoue.
Then the too Llaver ies cut of £ a dlece of cnllsagen in a freezing mlcro-
tome and the remalning meterial is submerged in water,

After recovering the block from the vater, the rurface chneen
Fop examination 1ls freed from ercees water bv usine a oslece of filter
gader Por Arylng {tnie crocess nust be carried out raoidly). 0On s ~ur-

face orepared in thir wsy le poured the frachly onreoared and slirhtly
oolvmerized methyl methzcrylate. 1In order to orsvent drying, the

soecimen 1ls covered with The 1iculd on all eides. The consecueni polv-
merizaticn orocess takes place cn the oblect iteelf. The Tiret lever

il

af thin film is reinforced by »a secnndary onating of oolymer until a
thicknese ie built uo which makes 1t convenlent to remove the film
(abnout 0.1 mm). Then the Film ile taken nf® and 1t 18 Aueted with quartrz
in a vecuum to slve a thin film forder of 100-300 A), apolled on tre
cide facine the collagen. Tae guertz Tilm 1e freed from the methacryv-
late by dieseolving the latter avay with Alichlorenthane.

Tieing the reollea metrnd we examined poecimene ¢of collagen
which were unthreated and some wrich we prepared in variove wavei 1n
calcium hydroxide, enzymes (gancreatin), salte of heavy metals (PTA, .
P¥A, and uranyvl ancetate), Tixed in formaldehyvde, orimary sulfate of
ohromiugm and woody oak extract, In all caseg ue obrerved the orerence
of recular oerpendicular basds of different Aenslitles (ege fles, 1,a8,0;
2,8,b; 2,8,b).
e wepre mble to oheerve a greater differentiation on the

seoae from wet fibers thsan or correspondine dried ones, Thue, in
the case of the chrome-tanned meterinl, beslides the 630 A period there
was one of 207 A, Bv ordinary cbeservatlon in the electron microecooe
we nheerved roushly the same oesilod (282 A) in collagen Tibrils. In
eame of the reolicas, obtained " rom the cpecimens treated with e¥tract
af the woody osk, we were able "0 fee spherical pgarticles lvins oOn
the Finrile {esee Fig. U}, In all probabillity, thece oarticles are com-
sneed of tenning, not part of tie colleren but only adesorbed on ite
ceurface.

2/\6/ -d /D Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5




~“Approved For Release 2003/01/29 :,CIA-RI;)P80-00926A005400050022-5'
-

- naleulations show that the repeating ogerlod is maintained
¢ with an accuracy of about *15 A, The periodicity le observed to the
1imits of each method of preparation (see table 1). We can divide
the observations on the oeriode into three groups: l--with a repeat
oeriod of 640 A in the wet state; 2.-the period of dry, untanned ob-

jecte (here too are soeclmens treated with PTA and formaldehyde)
which ranges from 540 - 560 A; 3--a period for fibers treated with
various tanning agents and dried, which is about W30 4.

i ‘Table 1
. RYPEAT PTRIOD OF THE FIBER

Form of treatment Repeat Periocd Fiber Width
' in A in A

USING POLYSTEROL-GUARTZ REPLICAS CF DRY FIBERS

Untreated ' 5}2 | gEO
Oalclum hydroxide (3 daye) A 515 &0
] il (l month) ﬁLLE ¢..
Pancreatin (3 hours) mL6 Gfo
" (12 nours) : | Lo 1150
?.T.4, - 586 Q1o
Formsldehyde 586 90
P.M.A. &6 Z00
Uranvl acetate ?gg ZOQ
opimary sulfate of chrome H0¢ 00
USING METHYi MUTATRYLATE-GUARTZ RUPLICAS ON WET
OBJTCTS
Calecium hydroxide (3 days) &40 -
Pancreatin {8 hours) £U0 -
Pencreatin (12 hours) : 625 -
Primary sulfate of chrome 634 1200
Extract of woody oak 651 1100

Formaldenyde 509 1100

Reolicas have not only allowed ur tocillucidate the repeat
periods of fibrils, but aleo the relative constancy of their width,
For the various formr of collazen treatment the average width is about
0.1 mierone., <n the case of the wet fibers, tanned with the orlmary
culfate of chromium and formaldehyde, calculatlons show an increare
in width of about 1020%.

Replicas of all the examined flbere ehow a Aefinite orienta-~
tion of the bands in different fibrils: the dark banfs asr well as the
1ight coincide. Thils fact, and@ also the constant perlod of repetition,
ie characteristic of the collagern etructure, indicating a definlte
spatial arrangement of molecular groups,

Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5




£

| - - Approyed For Release 2003/01/29 : CIA-RBP80-00926A005400050022-3

e
~

e .

A - A
. In conclusion, we are o
A, N. Mikhailov and A, I. Firmer for thelr inter
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: Xall : Hall ¢ ¥all : Al e Fell Fall :

1 P97 64 - 2300 72 - o 95 68 = : 93 55 = : 90 L3 = : 63 43 0,01

2 99 66 - 3 102 73 ~ 1 93 66 - 3 97 57 = 3 80 Lo - ¢ 55 39 0,30 @

3 2100 G - 104 77 - 3 93 68 - 1 g3 63 - 3 80 45 - 63 39 -

4 P99 70 = 1106 75 - 1 95 Oy - : 91 5h - 3 79 54 - L3 37 -

5 s 100 70 ~ 3 111 73 - : 200 x38‘ - 3 a3 01 - H 75 LL{) - 3 (g:n Y - H

6 : 100 70 - 1111 73 - 1 97 66 - 1 & 5 - : 79 L5 - G 37 -

7 : 51 68 - : 111 81 - 1 %Y U - 1 382 5y - 77 B0 -+ Y97 34 - 3

8 t 9H Lo - 2 108 S0 = 3 99 L - 2 ) Lo - 12 4 - 3 5428 -

9 : 99 68 = 113 77 = 1 91 a1 - 1 97 L - 7S U2 0,01 : 553 2 -
10 1 104 6B = 3115 79 - 31 9 59 - ¢ 9y 57 < : ) 48 0,04 : 54 30 S -
11 104 08 - 3 106 77 -~ 1 91 (o -+ 3% 5L - s 75 43 -~ @ 52 25 -3 i
12 08 73 - 100 70 - 1 91 GO -~ : B¢ 52 - 75 41 - 1 57 23 - 1k
13 104 72 = 3 100 G8 -+ 93 8 = 3 38 B - ¢ 77 L - 1 5S4 21 -
106 7 - 309 72 - 1 9 57 ~ 3 88 52 - 3 77 39 -~ 3 5 1 -
15 1 108 73 - 1 109 75 - 1 90 Gh - 1 95 54 - 3 72 37 - 1 55 19 - x e
1% 1109 72 -« 3108 75 - i B8 57 - : 93 55 = 1 B 3 - : 50 21 - @
17 H T TR £} - 105 73 - 3 86 61 - : 38 BY - 77 37 - : 48 28 - i
18 1102 72 - 3111 77 - 1 8 52 - 1 838 5z - 1 70 39 - : 52 32 - i
19 : 108 73 = A1 75 - : 38 50 - : 89 X ro: R a3 = 1 55 37 0.73 A
20 1 104 72 - 2117 77 -« t+ 82 4B - 1 9% 50 = : 68 43 - 1 45 1 6,91 ;[
21 t 102 73 = 3113 77 - : 84 50 - : 95 B2 - 3 72 Ll - 3 46 37 0,66 : %
22 1 102 72 - : 106 75 - 1 88 48 - 1 93 54 - 3 08 48 - : 57 34 - 3l
23 : 99 72 = 3 108 72 - 3 9 50 - 3 91 85 - 1 66 41 -1 59 7% - 3 U
2l : 100 T = 1108 T - ¢ 95 48 - 3 90 b5 = 1 03 46 0,11 : 55 39 - 3 Ty
2 $ 100 66 - 1100 068 - 3 S5 50 - : 81 46 - : 57 W8 0,37 : 55 39 0.12:

2 s 109 o8 - 1 102 70 - : 86 59 - 3 81 5l = : 59 37 - 31 50 37 0.01 :
22 3102 (8 - ;100 T2 -~ : 8 52 - : 84 55 « : 57 3 - . 52 43 o«
28 1 200 72 - 1 300 G6 - : 8 50 - 3 81 48 -~ 1 57 39 - : 39 36 - ..
29 s 100 72 - : 99 68 -~ ¢ 88 50 - 1 7357 - : 58 ia - 4 32 - i
30 t 106 75 0.01 : 95 G8 - : 86 50 - : 81 B2 - 3 57 W - 3 b3 30 0.1G : |
3 1102 73 - 3 895 &6 - s - - 3 & 50 - 3 .- - - 3 3 25 - 3
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Date : Wax, ¥inm, Rain : MaX. Bin. Rein : Hex, Hin. Rain : lex. Nin. Rein @ ¥ex. 8in, Rein : Kox. Min. Kalm
3 Fall : Pall : Fall : Pall @ Fal} :
1 ¢t L3 25 - : 52 34 0.05: 66 36 - + 79 k3 -~ t 95 63 =~ = 86 59
2 s L3 25 = ¢ 4B 30 - : 70 39 -~ 3 81 5 = 1 97 68 ~ 3 82 57
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| Xorch 65.5 54 A8 61 59.5 92.5 67 60 68
Apreid 2! 03,5 56 65 6t 93 72 (66) (73
My ao 89 % ) 68 70 16 (70) (73)
TJune I - T 53 8i 75 68 82 (33} (22}
| Juty 59 e 52 55 6 68 86 (19 (12)
August 87 P 55 88 78 645 82 73 66
Sepdsmer bt 5.5 [5:) 7.5 V¥ 63
Oeteber ax 71,5 56 b0 h-5 59
D Foreubu 7 69 5% i 68 63
b amber 57 5% 20 £0 6k 72

{3 Figurss in brackeiz ers prebebly iee high.

{ed fpidioAd figures wove iatepad 2t the Ting

{3} rhia table ouli weariocd Dats on ramd
Abeolate o xdrone Yolucs nob piven.

TER/ANA,
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Youth

Freas, @
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T & m p & v a

’
T

Relative Humidi ty

R a i

1o

Mean

I {1nches) |

Day ~ Nighti Msan

Max. t Date :Min, ; Date

|Averags Dry Bulb Temp. i Extreme Dry Bulb Temp.
i !

. Avarage Wet Pulb Temp.
Doy ' Fight! Mean

Total

Highest in 24 hours |

Dute

1946 CONTINUED

[Sad]
July
August

September

October

Kovember
Dec:smber

3.2‘_'.7.4 amzry

PFebruary

Mar-h
Aprid
May
Juns
Juiy
Augyet

29.77
29.76
29.85
29.98
30.06

1 30.01
1 29.96

30.02
30.04
30.03
3.9
29.95
£9.78
29,84

86
87.5
86
80

76.51

63

59
63
70

!

80
8
y7
88

. BL.5

83

L g2

75
70
6L
5.5
9

(3N
€8.5

b 7.5
1 78,5
82

i 82.5
t

97 (24:7 |65

96 115:8
%.5:10:9
98,5, 24.:10
93 18:11
77 7:12
76 127:1
81 [28:2
93 |27:3
99 |12:4
98 | 4:5
g6 286
99 |21:7
9t 2:8

69
67
55
54

47

42
4k
46
i
57
6y
&8
71

EEESol

we B R O R L ;" .;»o&u
QNS F NES ~

N B b bt bt b
wn RGN REFR

NIL
RIL

0.39|

trace
5.335

10.556

1.405
0.460
0.603
n.210
NIL

KIL

-

1h:10
29-1%
112

13:1
X7

523
1634
12:5

-~

Romaris:-

YPB/HENA.

Omittsd figures wers not registered at the time.
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PALEST

|

TABLE

i e

I1i

METEOQROLOGITATL

DERVICE.

MONTSHLY WEATHER REPORTS

HALPA WT, CARMEL
SUPPLIED BY PALISTINE GOVERRMENT

l Yosr ;Hﬂssxxm)ai; TEMHPERATURE “F JReJativr%IimidityJ‘vr R imnfaidt
& ? Mesn G.M. T ME AN E X TRE:ME-J G.¥ T ——‘.;"i‘otal !High:*u‘;in?u-ﬁum'bw
Konth | Inches | 06 ‘1z 18  Max. Min. Nean Msx, Duts Min, Uatw = 06 12 18 Mean ! Inches Inchss! Duts

| 1946 December : .9 | 55 163 58 6 % f:fz 2112 | 46 22:12,{ €9 59 169 65 4095 1.350 | le:12 1

1347 January | 29.90 52 l5 S 159 150 154568 |27 luk5 | an 777 {75155 (11949 3.185 | 1311 .
¥obruary } 29,96 55 61 5 |63 150 (56,5 75.5|28:2 |43 yez | 69 68 (76{ 7L [| 1.5 0,362 | 17:2
March E 29.97 60.5|66 {60 69 56 62.5 | 87 27:3 | 50.5 | 16:3 69 60 [75] 68 0, 386 0.200 | 17:3 I
April i 29.96 65 _559 63 72 |60 |66 |92 |1l |49 ‘1_7:z+ 62 %sn 69 6L || 0.524 0.240 | 1634 l
Bay P 29.86 | L5175 [68.5 |79 | 6h5 715 (93 hip |59 (135 &1 lsr 2] 6y || o280 0.086 | 9:5 !
June 9.0 !I i/,.%»bg i7iTh | 795|168 ek (B4 [2B:6 6 | 2:6 7&2.69 8576 || - - - l

‘ I i i

x) Carrected to mea level.

WEB/HNA
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rrecipitation

#ainfell in Inches und iumber of <ain-days

Max.
in
Jen. Feb. ¥ar. Apr. Hay June July Aug. Sept. Oct, Nov. Dec, Yoaw 2hhrs.
SHUAIBA (13-l yeara' observations)
Inchse 1.3 1.2 0.4 0.2 0.1 0.0 0.0 .0 0.0 0.1 1.1 1.0 5.7 2.2
Days 6.5 0.5 2.9 2. 0.5 0.0 0.0 0.0 0.0 0.8 4.0 3,7 21.3 -
DIWARIYA (10-12 years' observations)
Inchea 1.0 0.9 0.2 0.5 .7 0.0 0.0 0.0 0.0 0.0 0.6 0.9 h.9 L. =
Days .o e .o .o Not Ixwown .e .o .o .e .. .o oo
HINAIDI (13-14 years®' observations)
Inches 1.2 1.1 0.3 0.4 Ok 0.0 0.0 0.0 0.0 0.} 1.0 1.0 5. 1.5
Days 4.9 5.5 2.6 2.7 1.8 0.2 0.0 0.0 0.1 1.5 5 L. 28.3 - fé
RUTRA (9-10 years' observations) .
Inches 0.9 0.7 0.1 0.4 0.2 G.0 .0 .0 0.0 | 0.7 0.7 3.8 1.8
Days o3 3.0 1.0 3.0 1.7 0.0 0.0 0,0 C.3 1.0 3.7 3.5 20.5 -
MOSUL (13=14 years' observationa)
Tanches 2.1 3.0 1.6 1.8 0.5 0.0 0.0 0 0.0 0.2 1.8 2,0 13.0 34 £
nays B.8 4.3 6.8 7. 3.1 0.7 0.2 O 0 0.1 1.6 7.8 9.1 59.9 -

In the rainfall, the figure 0.0 indicstes a mean rainfall of less than 0.05;

0.0 inflicates a totsl of less than 5 days
in 20 years.

= Abnormal thunderstorm in Hay.

# Abnormal downpour in November.

in the ronth over a period of 100 years,

in the rain-doye the figure
4.8, less than 1 rein-day
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SYRIA & LUBANOTI.

precipitation

Rainfall {inches)

Apr. .ay June July

¥rs.’
obans .
coast
Alaxandretia 310-11
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rounisine
51 Rapeya ic
hepresaicn
Homa 6<10
Esara 8-11
e and Desertd
5=7
29
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Palnyrs ]

Deir eg Zop F=10
Urfs 10

1.8 1.5 0.5
2.2 0.6 0.1 0.0
0.7 Q.1 0.0 0.0
j“? 10“ 003 0,0
1.0 0.2 0.0 G.0
2.5 0.3 0.0 0.1
1.3 0.4  J.1 0.0
1.2 0.8 .2 0.0
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1.3 1.4 ©€.0 0.0
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SYRTA & LEDATICH.
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1. Coast )
Acre{1928-38)
lLean
¥ax,in 24 hrs.
Haife(1921-34)
lean
¥ax, in 24 hrs.
® liax. in month
and year
® Lin.in month

and ycer
Jafta(1902-12)
Hean
llax. in month
and year
4 Ein.in wmonth
end year
Caza(1921-3)
Iecan
tax. in 24 hra.

2. Inland
Jenin(1921-34)
lean
Yox.in 24 hre.
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Jan, Peb, iar, 4pr Lay  June Ty Aug. HNent. Got, Yov, vec, Year
Beit Jemal{1930-8)
Fcan 4.3 4.0 1.2 0.7 G.1 3.0 0,4 2.,¢  trace 0,6 2,8 2.5 16,1
hax.ln 24 hrs. 1.2 1.5 Oi 0.8 0,1 0,0 G.0 2.0 trace 0,2 Loly 0.8 -
Jerusalem(1918-34 )
lean 4.1 5,3 1.3 .1 2,0 8.0 0.C¢ 0.0 0.2 1.2 2,5 15,9
Liax, in 2y hes. 3.9 R 1. 0.5 9.1 0.0 +trace 0.4 0,9 2,2 3.0 -
# tax.in month .5 12,6 12! 1.3 2.2 0.0 3,1 0,8 2.3 8,0 16,5 1.6
and year
# Min. in month 0.1 0, QL G.0 0,0 .0 0. 0.0 0.6 £0.1 0.% 13.3
and year
51 Latrun{1901-12)
Rean 8.5 3.3 2.8 L 0,3 40.1 0.0 0.0 £0,1 0,9 2.4 5.2 22,8
A Max,in 2L hyes, b6 2.1 1.¢ 1.2 0.5 0.0 0,0 0.0 0.3 1.4 1.6 3.1 -
Max. in menth 8,9 77 6.¢ 4,0 1.6 6.2 0,0 0.0 G, 1 b.5 7.0 12,5 32,5
and year
kin, in month 3.4 0,0 Q.¢ 0.2 0,0 0,0 c.0 0.0 0.0 0,0 0,0 1,9 15,8
end year
Hebron(1896=1914.)
teen 6,2 b6 N 2.0 0.3 2,1 0,0 0.0 £0,1 0.5 2.1 5.1 2.3
liax. in month 13,9 RRSI Y 3.€ B3 2.8 i.3 Q.0 0,0 0,2 2.5 6,1 M1 29,8
and yoar .
din, in month 1.6 0. 2 0.% {33 0.0 0,0 G,0 3.6 0,0 0,0 Q.0 1.1 1.3
vean
Beersheba{1921-%)
Kean 1.9 Zo s 0.7 0.1 0,0 0,0 0.0 9.0 U, 0,8 1.5 7.0
Eax,.in 4 hes, 2,0 1.7 1.0 1.0 0.0 g, 2,0 troce 0. 1.4} 2.5 -




Jan, iab, tiar. ADPT. Lay  June July  Aug. Septe Oet, Nov. wee. Year
3, Jordan Valley
Tiberins(1850-1907) _
1ean b7 3.2 2,f 1.1 0.2 0.0 0.0 0,0 £{0,1 0.6 2,9 5.1 20,2
# tax.in 24 hrs, 2.7 1.2 2,¢ 1.5 0.h 0,0 R 0.6 ¢0.1 .5 1.6 2.4 .
Eax, in month il.2 .5 5,¢ 3.0 0.9 .0 0.0 0.0 {o.1 2.3 6.7 6.8 27.7
and ycar
¥in.in month 0.5 (0.1 0,1 0.0 .0 0.0 0.0 Q.0 0.0 0.0 0.0 1.7  u.h
and y.ar
Beisan(1930-8)
lecan : 3.1 2.8 0.7 o.b e 0,0 0,0 0.0 0.0 0.7 1.2 1.4 10.5
lax.in 24 hrs, Q.9 0,9 Q.! Q.5 G.x Q.0 0,0 0,0 trece 0.5 0.4 0.6 -
Jerichol{19v21-3l)
Lean 1.3 1.3 Q. 0.4 C,1 C.0 G Q.0 0,0 C.1 o4 2 5.0
liax, in 24 hrs, 1.0 1.3 [ C,7 1.0 0.2 G. 1 0,0 trace 0,2 1.0 1.6 -
Dead Sea,North end{igsh~T}
lieen 0.6 [ TR {0.1 <o, 0,0 0,0 ¢.0 0,0 Ol 10,1 G.h 1.¢
Dead Ses, outl end{1935-6)
{ean 2,1 .1 0.C 2,0 4.0 2,0 G0 0.0 3.0 C.3 0.0 QN 1.&
Ed ‘)-fs{l_,..i'l}l‘. .
P 2.5 e 32, 5.0 0,0 .4 1.3 Lo 0.5
2.1 s 1.1 0,C 2.0 et 3.3 2oL -

A
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Yeexly Chavacteristloa.

Average 77.7°PF.
Nindmmm 56 OP.
Freximem 97 9F.
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SOTOHER 157

Termeratire i 2 Hourly Intervals,
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SEPTEMBER 1947

STQISTICM. ReSULTS
Tmpcr&hu,j*e et 2 Hourly Intervais.
ALWAID BEFLIERY GROUFD TiT “ERATURR AT A DEPTH OF 4 FRET.
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18753 SUGUST 1947

BTATISTICAL RaSULTS
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JULY 1947

SEPATICTICAL RESULTS

Tesperature at 2 Hourly Interwela,
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STATISTTCAL RESULTS

Temperature at 2 Bourly Intervuls.
ABADAR INCOMING CRUDE TeENPERATURES

( SURPACE L.INE SYSTER)

S : ——
;:! ! 0200, COLoC | 0600 | 0800 | 1COC| 1200 1400 l1600‘1 2200 i 2500| Fre.
E S AU S S SRS -
| 1 | 1 e ol
217506} 75.7| G2k | 66,4 | 67,2 | T7.1| 97.0) 108.6|112.5 103,7)97.0 | 85:7 15@&% °F
‘ i i { ! _
oT 158 ERE R EAR O R l roies vz |es ‘9
165 !87 (78 {75 105 |206 115 {123 |1e7 112& 1o {99 Esac i °F
! i H 1 H {
e H i ] L s
lvrnel Tempernture Range Monthly Characteristian
Avewage 47.3°7 Lverage 8%5.7°F
Findemm 28 °F Mniewn 55 °F
Mocdmm 60 ©F Hoximam 127 OF
ABADAR SHADE TINMIERATURES
+ | ‘ { t :)
o (0000 | 0200 | 0400 | 0500 | 0BOC {1000 | 1200 | 1400 }.LGGO llSOU i2000 ?"OU jifiz.“:s.
i ‘ ] i : !
| 1 1 b ; I
Tge. {75.1 | 72.0 | 69,9 | 68.C 854 | 91k 1936 |93.4 |89.8 jez.8 | 78.8 !q,}g
i | ; :»
in. 164 |62 61,5 (57 5 66 175 177 177 i?ﬁ E';,?:_ E;fr_,: | &7 i o
. { E i .
sz, {85 |85 |80 |73 185 |97 | 102.5/303.5 104 [ %9} Lk
! ! : i - - .

Wonthly Charecteristios
Average 81,25

Mintmam 57 OF 0500 hes 23 Ap.a.l?
Moo 204 9P {3600 lme 05 apil)

Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5




Approved For Release 2003/01/29 : CIA-RDP80-00926A005400050022-5

AT ISTICAL RERCE 1347
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Temperature at 2 Bourly lntervals
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STATIATICAL RESULTS
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